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Aim: This study examines if injection of cobalt chloride (CoCl2) or antagonists of muscarinic cholinergic
(atropine), μ1-opioid (naloxonazine) or 5-HT1 serotonergic (methiothepin) receptors into the dorsal or
ventral portions of the anterior pretectal nucleus (APtN) alters the antinociceptive effects of stimulating the
retrosplenial cortex (RSC) in rats.
Main method: Changes in the nociceptive threshold were evaluated using the tail ﬂick or incision pain tests in
rats that were electrically stimulated at the RSC after the injection of saline, CoCl2 (1 mM, 0.10 μL) or
antagonists into the dorsal or ventral APtN.
Key ﬁndings: The injection of CoCl2, naloxonazine (5 μg/0.10 μL) or methiothepin (3 μg/0.10 μL) into the
dorsal APtN reduced the stimulation-produced antinociception from the RSC in the rat tail ﬂick test.
Reduction of incision pain was observed following stimulation of the RSC after the injection of the same
substances into the ventral APtN. The injection of atropine (10 ng/0.10 μL) or ketanserine (5 μg/0.10 μL) into
the dorsal or ventral APtN was ineffective against the antinociception resulting from RSC stimulation.
Signiﬁcance: μ1-opioid- and 5-HT1-expressing neurons and cell processes in dorsal and ventral APtN are both
implicated in the mediation of stimulation-produced antinociception from the RSC in the rat tail ﬂick and
incision pain tests, respectively.© 2012 Elsevier Inc. Open access under the Elsevier OA license.Introduction
The anterior pretectal nucleus (APtN) participates in the physiolog-
ical response to noxious stimulation and is involved in descending
pathways thatmodulate noxious inputs to the spinal cord (see Rees and
Roberts, 1993). Muscarinic cholinergic (Rees et al., 1992), μ-opioid and
5-HT1B serotonergic receptors (Rosa and Prado, 1997) within the APtN
are involved in stimulation-produced antinociception from the nucleus.
The anterior pretectal nucleus (APtN) participates in the physiolog-
ical response to noxious stimulation and is involved in descending
pathways thatmodulate noxious inputs to the spinal cord (see Rees and
Roberts, 1993). Electrical stimulation of the APtN produces strong and
long-lasting antinociceptive effects in the rat tail ﬂick (Prado and
Roberts, 1985; Roberts and Rees, 1986), jaw opening (Chiang et al.,
1989) and formalin (Wilson et al., 1991) tests, and inhibits the
responses of spinal dorsal horn multireceptive neurons to noxious
stimulation (Rees and Roberts, 1987). However, stimulation of the APtN
excites superﬁcial high-threshold spinal cells (Rees et al., 1995), a
pronociceptive effect that was not conﬁrmed using behavioral models
of pain. This excitation of superﬁcial neurons was proposed to be aology, Faculty of Medicine of
‐900, Brazil. Tel.: +55 16 602
).
vier OA license.reverberatory mechanism through which noxious inputs maintain
activity in the descending inhibitory pathway (Rees and Roberts, 1993).
Muscarinic cholinergic (Rees et al., 1992), μ-opioid and 5-HT1B
serotonergic receptors (Rosa and Prado, 1997) within the APtN are
involved in stimulation-produced antinociception from the nucleus.
Sites within the APtN at which electrical stimulation produced the
strongest and longest lasting antinociception in the tail ﬂick test are
located in the dorsal (d) APtN (Rees and Roberts, 1987; Roberts and
Rees, 1986; Wang et al., 1992; Villarreal et al., 2004). More recently,
the ventral (v) APtN was shown to be the most sensitive site in the
APtN with respect to stimulation-produced reduction of incision pain
(Villarreal et al., 2004).
The APtN may act as an intermediary in the activation of a
descending pain-inhibitorymechanism by stimulating the retrosplenial
cortex (RSC). Indeed, the RSC sends projections to the APtN (Foster et
al., 1989; Cadusseau and Roger, 1991). In addition, electrical stimulation
of the RSC in rats induces antinociception in the tail-ﬂick and formalin
tests (Reis et al., 2010) and reduces incision pain (Rossaneis et al.,
2011). We recently found that both intensity and duration of the
stimulation-produced antinociception from the RSC were signiﬁcantly
reduced in rats by injecting lidocaine into the whole APtN (Reis et al.,
2011). The use of lidocaine, however, may inﬂuence cell bodies and
passage ﬁbers. Alternatively, local use of the nonselective synapse
blocker cobalt chloride (CoCl2) has been proposed to discriminate
presynaptic axonal from postsynaptic neuronal activity (Kretz, 1984).
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dAPtN or vAPtN with CoCl2 alters the antinociceptive effects of
stimulating the RSC in the rat tail ﬂick or incision pain tests. The
injection of antagonists of muscarinic cholinergic, μ1-opioid and 5-
HT1 serotonergic receptors into the dorsal or ventral APtN was also
evaluated because the use of CoCl2 does not provide information
about the neurotransmitter(s) involved.
Materials and methods
Materials
Cobalt chloride hexahydrate (CoCl2), ketanserin tartrate,
methiothepin mesylate, and naloxonazine dihydrochloride hydrate
were purchased from Sigma-Aldrich (St. Louis, MO, U.S.A.). Doses in
the text refer to the salt form. The experiments were conducted in
360 male Wistar rats (140–160 g) from the Main Animal House at the
Campus of Ribeirão Preto. The animals were maintained at an average
ambient temperature of 23±1 °C with a 12-hour light–dark cycle
before and after surgery.
Methods
Subjects and surgery
The experiments were approved by the Commission of Ethics in
Animal Research, Faculty of Medicine of Ribeirão Preto, University of
São Paulo (Number 159/2007). The protocols of the Committee for
Research and Ethical Issues of IASP (Zimmermann, 1983) were
followed throughout the experiments. All rats were used only once,
for which a single intracerebral injection and a single cortical
stimulation were performed. Each animal was anesthetized with
tribromoethanol (250 mg/kg, i.p.), and a Teﬂon-insulated monopolar
electrode (o.d.=0.125 mm) was stereotactically implanted in the
skull. The rats were stimulated at the left RSC using the following
coordinates (in mm): AP=3.0 (from the interaural line), L=1.8
(from the midline), and H=−1.9 (from the skull surface). A 12-mm
length of a 23-gauge stainless steel guide cannula was also
stereotactically implanted in the skull until its tip was 3 mm above
the left APtN, using the coordinates (in mm) AP=3.2, L=2.0 and
H=−2.2 (dAPtN) or−3.1 (vAPtN). The electrode and guide cannula
were then ﬁxed to the skull with 2 screws and dental cement. One of
these screws was used as the reference electrode. A 12-mm length of
sterile, stainless steel wire was introduced into the guide cannula to
reduce the risk of obstruction and was maintained until the time of
drug administration. The animal was then given penicillin (50 mg/kg,
i.m.) and allowed to recover for at least 1 week before the
experiment.
Tail ﬂick test
Each animal was placed in a ventilated tube with its tail lying
across a wire coil, which was at room temperature (23±2 °C). The
coil temperature was then raised by the passage of electric current,
and the latency for the tail withdrawal reﬂex was measured. Heat was
applied to a portion of the ventral surface of the tail between 4 and
6 cm from the tip. Each trial was terminated after 6 s to minimize the
possibility of skin damage. Tail-ﬂick latency (TFL) was measured
at 5-minute intervals until a stable baseline was obtained over 3
consecutive trials. Saline (0.10 μL) or CoCl2 (0.10 μL) was injected
into the APtN as described below, and TFL was again measured at
5-minute intervals for up to 15 min. Electrical stimulation (see
below) was then applied to the RSC, and TFL was measured at 5-
minute intervals for up to 35 min. Animals were gently restrained by
hand during the stimulation (15-second duration) and microinjec-
tion (3-minute duration) procedures and restrained in a ventilated
tube (15-second duration) at 5-minute intervals when tail-ﬂick
latency was measured.Model of incision pain
Each animal was anesthetized with 0.5% isoﬂuorane in oxygen via
a loose-ﬁtting, cone-shaped mask. A 1-cm longitudinal incision was
made through the skin and fascia of the plantar region of the right
hind paw, starting 0.5 cm from the proximal edge of the heel, as
previously described (Brennan et al., 1996). The plantaris muscle was
left intact during the procedure. The skin was then sutured with two
5–0 nylon stitches. Rats were placed in an elevated clear plastic cage
with a nylon mesh bottom, which allowed easy access to the paw
plantar surface. Before each test, the animals remained in the cage for
approximately 15 min for behavioral acclimation. The threshold to
mechanical punctate stimulation was measured with an automated
electronic von Frey apparatus (IITC Electronic Equipments, CA,
U.S.A.), consisting of a handheld probe unit to which a rigid plastic
tip (tip area=0.44 mm2) was connected. The experimenter then
applied the plastic tip with an increasing force in an upward direction
against sites near the heel, 1–2 mm adjacent to the medial border of
the wound and to comparable sites in the non-incised hind paw. The
movement of the probe was interrupted when a withdrawal of the
stimulated paw occurred (positive response). During this procedure,
the applied force was continuously recorded by a main unit
connected to the probe. A single trial consisted of 3 applications of
the tip, once every 5 s in each hind paw. The mean of three readings
was taken as the mechanical threshold (MT) for a particular time
point. In all cases, the thresholds for both hind paws of each rat were
measured immediately before and 2 h after the incision. Drug or
saline was then injected into the left APtN, and the MT for both hind
paws of each animal was measured at 5-minute intervals for up to
15 min. Five minutes later, sham or electrical stimulation of the left
RSC was performed, and the animal was retested immediately after
the stimulation and then again at 5-minute intervals for up to 25 min.
Stimulation procedures
Electrical stimulation (AC, 20 μA, 60 Hz) was applied for 15 s to
the RSC 20 min after the intracerebral injection, as previously
reported (Reis et al., 2010). During the stimulation period, the rat
was gently restrained, and the drop in voltage across a 1-kU resistor
in series with the electrode was continuously monitored on an
oscilloscope. No attempt was made to test for the presence of
antinociception during stimulation. Control (sham) rats were sub-
jected to identical procedures for electrode implantation and its
connections to the stimulator assembly. They also received saline or
drug injected into the APtN, but no current was passed through the
electrode.
Intracerebral injection
Drug or vehicle was microinjected into the dorsal or ventral APtN
using a glass needle (70–90mm, o.d.) protected by a system of
telescoping steel tubes. The assembly was inserted into the guide
cannula and the needle was advanced to protrude 3.0 mm beyond the
guide cannula tip. We have previously shown that the injection of
lidocaine into the dAPtN or vAPtN increases incision pain in rats when
the injection volume is 0.25 or 0.50 μL; in contrast, the effect of lidocaine
is restricted to the vAPtN when the injection is in a 0.10-μL volume
(Villarreal et al., 2004). For this reason, the volume of injection into the
dAPtNor vAPtNwas0.10 μL, delivered at a constant rate over a period of
3 min. The needle was removed 20 s after completion of the injection.
Histology
At the end of the experiments, each animal was deeply anesthetized
with intraperitoneal sodium thiopental and perfused through the heart
with 4% paraformaldehyde in 0.1 M phosphate-buffered saline. Fast
green (0.10 μL) was injected through the guide cannula to label the site
of intracerebral injection. The brain was removed, and the electrode
track or dye spot was localized from 50-mm serial coronal sections
stained with neutral red and identiﬁed on diagrams from the atlas of
952 G.M. Reis et al. / Life Sciences 90 (2012) 950–955Paxinos and Watson (1986). Only animals that had the electrode or
injector placements conﬁrmed by histologywere used for data analysis.
Statistical analysis
Tail-ﬂick latencies (in seconds) are reported as the mean±SD.
Comparisons between control (sham-stimulated rats given saline
injected into the APtN) and test groups were made by multivariate
analysis of variance (MANOVA)with repeatedmeasures to compare the
groups over all times tested. The factors analyzedwere treatments, time
and treatment×time interaction. In the case of the treatment×time
interaction, one-way analysis of variance followed by the Bonferroni
correction was performed for each time point. Because repeated
observations from the same subject are not independent, we opted to
perform a MANOVA of the repeated factors to avoid having to correct
the degree of freedom in case the sphericity condition of the usual
univariate ANOVA approaches was not satisﬁed (Jennen-Steinmetz,
1989). The level of signiﬁcance was set at Pb0.05 in all cases.
Results
The experiments were conducted on 331 rats that had histolog-
ically veriﬁed electrode and injector placements within the cortical
and APtN targets, respectively.
Changes produced by the neural block of different regions of the APtN in
the antinociception induced by the electrical stimulation of the RSC in the
tail ﬂick test
These experiments were conducted on 4 groups of 8 rats for
injection into the dAPtN and 4 groups of 8 rats for injection into the
vAPtN, and the results are shown in Fig. 1. The groups of rats used inFig. 1. Effects of the injection of saline or cobalt chloride (CoCl2=1 mM/0.10 μL) into
the dorsal (A) or ventral (B) part of the anterior pretectal nucleus on antinociception
induced by the electrical stimulation (ES) of the retrosplenial cortex of rats, as
measured by the tail ﬂick latency. The moment of the intracerebral injection is
indicated by arrow 1, and cortical stimulation is indicated by arrow 2. The location of
CoCl2 injection into the anterior pretectal nucleus or stimulation site in the
retrosplenial cortex is shown on diagrams taken from Paxinos and Watson (1986).
Each sign in plates may represent more than one rat per site. Points are the mean±SD
of 8 animals. Pb0.05, compared with sham-stimulated rats (*).each experiment did not differ signiﬁcantly with respect to the
baseline TFL. The TFL of rats injected with saline (0.10 μL; control) or
CoCl2 (1 mM/0.10 μL) into the dAPtN (Fig. 1A) or vAPtN (Fig. 1B) and
subjected to sham stimulation of the RSC 15 min later did not change
signiﬁcantly throughout the period of observation. Fifteen-second
stimulation of the RSC (20 μA) performed 15 min after the injection of
saline (0.10 μL) into the dAPtN or vAPtN led to an immediate increase
in the TFL, with the effect remaining signiﬁcantly above control levels
for at least 5 min. The effect of RSC stimulation was signiﬁcantly less
intense and of shorter duration in rats injected with CoCl2 in the
dAPtN, but it remained unchanged in rats injected with CoCl2 in the
vAPtN. The curves in Fig. 1A and B differ regarding treatment
(F3,28=13.52 and 57.51, respectively) and time (F14,392=94.31 and
104.87, respectively) and showed a signiﬁcant treatment×time
interaction (F42,392=19.56 and 23.63, respectively, Pb0.0001 in all
cases). The locations of the electrode tips and dye spots in each
experiment are shown at the right of each graph.
Changes produced by the neural block of different regions of the APtN in
the antinociception induced by the electrical stimulation of the RSC in the
incision pain test
These experiments were conducted on 4 groups of 6 rats for
injections into the dAPtN and 4 groups of 6 rats for injections into the
vAPtN, and the results are shown in Fig. 2. Before the incision, all rats
responded to mechanical stimulation, but the groups of rats used in
each experiment did not differ signiﬁcantly with regard to the baseline
MT. Signiﬁcantly lower thresholds were obtained in all groups 2 h after
the incision, as reported in a previous study (Brennan et al., 1996). TheFig. 2. Effects of the injection of saline or cobalt chloride (CoCl2=1 mM/0.10 μL) into
the dorsal (A) or ventral (B) part of the left anterior pretectal nucleus on
antinociception induced by the electrical stimulation (ES) of the left retrosplenial
cortex of rats, as measured by the incision pain test. Surgical incision of the plantar
aspect of the right hind paw was made at the moment indicated by arrow 1. The
moment of the intracerebral injection is indicated by arrow 2, and cortical stimulation
is indicated by arrow 3. The location of CoCl2 injection into the anterior pretectal
nucleus or stimulation site in the retrosplenial cortex is shown on diagrams taken from
Paxinos and Watson (1986). Each sign in plates may represent more than one rat per
site. Points are the mean±SD of 8 animals. Pb0.05, compared with sham-stimulated
rats (*) or with the other groups (#).
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vAPtN (Fig. 2B) and submitted to sham stimulation of the RSC 15 min
later (control) did not change signiﬁcantly throughout the period of
observation. Rats injected with CoCl2 (1 mM/0.10 μL) into the dAPtN
(Fig. 2A) or vAPtN (Fig. 2B) had a further signiﬁcant reduction of theMT.
Fifteen-second stimulation of the RSC (20 μA) performed 15 min after
the injection of saline (0.10 μL) into the dAPtN or vAPtN produced an
immediate anti-hyperalgesic effect, which remained signiﬁcantly above
control for at least 10 min. The anti-hyperalgesic effect of RSC stimu-
lation was signiﬁcantly shorter and less intense in rats injected with
CoCl2 in the vAPtN, and it remained unchanged in rats injected with
CoCl2 in the dAPtN. The curves in Fig. 2A and B differ regarding treat-
ment (F3,20=184.36 and 57.0, respectively) and time (F10,200=120.47
and 320.22, respectively) and showed a signiﬁcant treatment×time
interaction (F30,200=69.74 and 27.10, respectively, Pb0.0001 in all
cases). The locations of the electrode tips and dye spots in each
experiment are shown at the right of the respective graph in Fig. 2.
Changes produced by the injection of antagonist into the dAPtN on the
antinociception induced by the electrical stimulation of the RSC in the tail
ﬂick test
These experiments were conducted on 4 groups of 8 rats for each
antagonist and the results are shown in Figs. 3 and 4. The groups of rats
used in each experiment did not differ signiﬁcantly with regard to the
baseline TFL. The TFL of rats injected with saline (0.10 μL; control),
naloxonazine (5 μg/0.10 μL; Fig. 3A), methiothepin (3 μg/0.10 μL;
Fig. 3B), atropine (10 ng/0.10 μL; Fig. 4A) or ketanserine (5 μg/0.10 μL;
Fig. 4B) into the dAPtN and subjected to sham stimulation of the RSC
15 min later did not change signiﬁcantly throughout the period of
observation. Fifteen-second stimulation of the RSC (20 μA) performed
15 min after the injection of saline (0.10 μL) into the dAPtN led to an
immediate increase in TFL in all experiments, with the effect remaining
signiﬁcantly above control for at least 5 min in each experiment. TheFig. 3. Effects of the injection of saline, naloxonazine (nal=5 μg/0.10 μL) (A) or methioth
induced by the electrical stimulation (ES) of the retrosplenial cortex of rats, as measured by
and cortical stimulation is indicated by arrow 2. The location of antagonist injection into th
diagrams taken from Paxinos andWatson (1986). Each sign in plates may represent more tha
stimulated rats (*) or with the other groups (#).effect of RSC stimulation was signiﬁcantly less intense and of shorter
duration in rats injected with naloxonazine or methiothepin into the
dAPtN (Fig. 3A and B, respectively), but it remained unchanged in rats
injected with atropine or ketanserine into the dAPtN (Fig. 4A and B,
respectively). The curves in Fig. 3A and B differ regarding treatment
(F3,28=13.52 and 57.51, respectively) and time (F14,392=94.31and
104.87, respectively) and showed a signiﬁcant treatment×time
interaction (F42,392=19.56 and 23.63, respectively, Pb0.0001 in all
cases). The locations of the electrode tips and dye spots in each
experiment are shown at the right of each graph.
Changes produced by the injection of antagonist into the vAPtN on the
antinociception induced by the electrical stimulation of the RSC in the
incision pain test
These experiments were conducted on 4 groups of 5 to 6 rats for
each antagonist, and the results are shown in Figs. 5 and 6. Before the
incision, all rats responded tomechanical stimulation, but the groups of
rats used in each experiment did not differ signiﬁcantly with regard to
the baseline MT. Signiﬁcantly lower thresholds were observed in all
groups 2 h after the incision in all experiments. The MT of rats treated
with saline (0.10 μL; control) into the vAPtN and subjected to sham
stimulation of the RSC 15 min later did not change signiﬁcantly
throughout the period of observation. In contrast, the MT of rats
injected with naloxonazine (5 μg/0.10 μL; Fig. 5A), methiothepin (3 μg/
0.10 μL; Fig. 5B), atropine (10 ng/0.10 μL; Fig. 6A) or ketanserine (5 μg/
0.10 μL; Fig. 6B) into the vAPtN showed a further reduction of the MT
throughout the period of observation. This effect was signiﬁcant in all
cases except for ketanserine. Fifteen-second stimulation of the RSC
(20 μA) performed 15 min after the injection of saline (0.10 μL) into the
vAPtN produced an immediate anti-hyperalgesic effect, which
remained signiﬁcantly above control for at least 10 min. The effect of
RSC stimulationwas signiﬁcantly less intense and of shorter duration in
rats injected with naloxonazine (Fig. 5A) or methiothepin (Fig. 5B) inepin (3 μg/0.10 μL) (B) into the dorsal anterior pretectal nucleus on antinociception
the tail ﬂick latency. The moment of the intracerebral injection is indicated by arrow 1,
e anterior pretectal nucleus or stimulation site in the retrosplenial cortex is shown on
n one rat per site. Points are the mean±SD of 8 animals. Pb0.05, compared with sham-
Fig. 4. Lack of effect of the injection of saline, atropine (10 ng/0.10 μL) (A) or
ketanserine (5 μg/0.10 μL) (B) into the dorsal anterior pretectal nucleus on antino-
ciception induced by the electrical stimulation (ES) of the retrosplenial cortex of rats,
as measured by the tail ﬂick latency. The moment of the intracerebral injection is
indicated by arrow 1, and cortical stimulation is indicated by arrow 2. The location of
antagonist injection into the anterior pretectal nucleus or stimulation site in the
retrosplenial cortex is shown on diagrams taken from Paxinos and Watson (1986).
Each sign in plates may represent more than one rat per site. Points are the mean±SD
of 8 animals. Pb0.05, compared with sham-stimulated rats (*).
Fig. 5. Effects of the injection of saline, naloxonazine (5 μg/0.10 μL) (A) or
methiothepin (3 μg/0.10 μL) (B) into the ventral part of the left anterior pretectal
nucleus on antinociception induced by the electrical stimulation (ES) of the left
retrosplenial cortex of rats, as measured by the incision pain test. Surgical incision of
the plantar aspect of the right hind pawwas made at the moment indicated by arrow 1.
The moment of the intracerebral injection is indicated by arrow 2, and cortical
stimulation is indicated by arrow 3. The location of antagonist injection into the
anterior pretectal nucleus or stimulation site in the retrosplenial cortex is shown on
diagrams taken from Paxinos and Watson (1986). Each sign in plates may represent
more than one rat per site. Points are the mean±SD of 8 animals. Pb0.05, compared to
sham-stimulated rats (*) or with the other groups (#).
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(Fig. 6A) or ketanserine (Fig. 6B) in the vAPtN. The curves in Fig. 5A
and B differ regarding treatment (F3,18=37.41 and 37.37, respec-
tively) and time (F10,180=180.16 and 154.04, respectively) and
showed a signiﬁcant treatment×time interaction (F30,180=25.98
and 22.88, respectively, Pb0.001 in all cases). The curves in Fig. 6A
and B differ regarding treatment (F3,19=35 and F3,17=16.72, respec-
tively) and time (F10,190=203.92 and F10,170=122.64, respectively)
and showed a signiﬁcant treatment×time interaction (F30,190=33.78
and F30,170=19.81, respectively, Pb0.001 in all cases). The locations of
the electrode tips and dye spots in each experiment are shown at the
right of the respective graph.Discussion
The present study demonstrated that injection of CoCl2 into the
dAPtN but not the vAPtN reduces the intensity and duration of the
stimulation-produced antinociception (SPA) from the RSC in the rat tail
ﬂick test. On the contrary, the injection of CoCl2 into the vAPtN reduced
the SPA from the RSC against incision pain to a far lesser extent than did
injection of CoCl2 into the dAPtN. These results conﬁrm that the APtN
acts as an intermediary for the antinociceptive effect of RSC stimulation
as previously proposed (Reis et al., 2011). The use of CoCl2 reversibly
blocks synaptic transmission but passage ﬁbers are not affected (Kretz,
1984). Therefore, intrinsic neurons and cell processes in the dAPtN or
vAPtN are at least partially involved in mediating the SPA from the RSC
in the rat tail ﬂick or incision pain tests, respectively. In addition, our
results are in accord with those from earlier works demonstrating that
the dAPtN is more effective than the vAPtN with respect to the SPA inthe tail ﬂick test, whereas the vAPtN is more effective than the dAPtN
against incision pain (Villarreal et al., 2004).
It has been proposed that phasic and tonic pain utilize different pain
suppression mechanisms (Ryan et al., 1985). Our results reinforce this
notion and conﬁrm the involvement of different portions of the APtN
depending on the type of pain involved.
The APtN is anatomically divided into a dorsal part, containing a
dense population of neurons and associated with visual systems, and a
ventral part, containing a dense network of ﬁber bands and associated
with somatosensory systems and motor control (Berman, 1977; Scalia
and Arango, 1979; Foster et al., 1989; Terenzi et al., 1995). Differences
between the projections of the dorsal and ventral APtN in rats were also
demonstrated: the dorsal part projects to the hypothalamus and several
reticular nuclei of the midbrain tegmentum which are involved in
autonomic and sensory functions, while the ventral APtN projects more
densely to the laterodorsal tegmental nucleus and pontine nuclei (Rees
and Roberts, 1993).
The injection of naloxonazine (a μ1-opioid receptor antagonist) or
methiothepin (a 5-HT1 receptor antagonist) into the dAPtN reduced
the intensity and duration of the effects of RSC stimulation in the tail
ﬂick test. The injection of the same antagonists into the vAPtN also
reduced the intensity and duration of the effect of RSC stimulation
against incision pain. In contrast, neither the injection of atropine (a
cholinergic muscarinic receptor antagonist) nor ketanserine (a 5-HT2
receptor antagonist) into the dAPtN or vAPtN were effective against
SPA from the RSC in tail ﬂick or incision pain tests, respectively. It
should be noted that atropine (Villarreal and Prado, 2007) and
ketanserine (Monassi and Menescal-de-Oliveira, 2004) were used at
Fig. 6. Lack of effect of the injection of saline, atropine (10 ng/0.10 μL) (A) or
ketanserine (5 μg/0.10 μL) (B) into the ventral part of the left anterior pretectal nucleus
on antinociception induced by the electrical stimulation (ES) of the left retrosplenial
cortex of rats, as measured by the incision pain test. Surgical incision of the plantar
aspect of the right hind paw was made at the moment indicated by arrow 1. The
moment of the intracerebral injection is indicated by arrow 2, and cortical stimulation
is indicated by arrow 3. The location of injection of antagonists into the anterior
pretectal nucleus or stimulation site in the retrosplenial cortex is shown on diagrams
taken from Paxinos and Watson (1986). Each sign in plates may represent more than
one rat per site. Points are the mean±SD of 8 animals. Pb0.05, compared with sham-
stimulated rats (*) or the other groups (#).
955G.M. Reis et al. / Life Sciences 90 (2012) 950–955doses previously shown to be effective. Therefore, SPA from the RSC
in the tail ﬂick test is mediated by μ1-opioid- and 5-HT1-dependent
mechanisms in the dAPtN. Similar mechanisms in the vAPtN are
involved in the effect of RSC stimulation against incision pain.Conclusions
Intrinsic neurons and cell processes involving μ1-opioid- and 5-
HT1-serotonergic dependent mechanisms in dAPtN are at least
partially implicated in the mediation of SPA from the RSC in the rat
tail ﬂick test. Similar mechanisms in the vAPtN participate in
mediating the effect of RSC stimulation against incision pain.Conﬂict of interest statement
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